We aimed to compare the respiratory outcomes of extubation in two groups of ventilated patients assigned to an SBT with either T-piece or PS of ≤8 cm H 2 O. The primary objective was to compare extubation failures defined by the need for reintubation within 48 h following weaning by either method. The secondary objectives included the measurement of weaning index, rapid shallow breathing index (RSBI) at the beginning, 30 min and 1 h after weaning initiation, duration of oxygen therapy, length of ICU stay, and mortality.
PatIentS and methodS
After obtaining clearance from the local Ethics Committee, this study was conducted in the gastrointestinal, orthopedic, and neurological surgical units of AIMS from December 2016 to March 2017. Fifty patients who required mechanical ventilation after their surgical procedure (abdominal and neurosurgery) for >12 h before initiation of weaning were included in this study.
Patients were enrolled in the study only when they fulfilled criteria, namely, Glasgow coma score >9, normothermic with temperature below 38.5°C, a hemoglobin level >8 g/dl, normal electrolytes, and on no or minimal doses of vasoactive agents. In addition, the approval of the attending physician on weaning was obtained.
An SBT was initiated when at least 3 of the following criteria were fulfilled, namely, 1. Maximal inspiratory pressure ≤−25 cm H 2 O 2. Breathing frequency ≤35 breaths/min 3. Vital capacity ≥10 ml/kg of body weight 4. Arterial oxygen saturation >90% for an inspired oxygen fraction of 40%.
Patients were randomly allotted to one of the two groups by computer-generated sequence of random numbers. • Group I: Patients were directly extubated from a combined PS <8 cm H 2 O and PEEP ≤5 cm H 2 O. Patients were considered fit for extubation if they tolerated PS-CPAP mode for >60 min • Group II: Patients were extubated after a trial on a T-piece for >30 min after standard weaning from PS. In this group, SBT was administered with a T-piece, and the patients were monitored continuously for the first 5 min and then during 30 min intervals of the trial. Patients who tolerated the SBT for 1 h or more were considered fit for extubation.
The weaning was continued unless the patient manifested any of the following signs or symptoms suggestive of weaning intolerance 1. Respiratory rate (RR) >35 breaths/min 2. Arterial oxygen saturation <90% 3. Heart rate (HR) >140 beats/min or a sustained increase or decrease in the HR of >20% from baseline 4. Systolic blood pressure >200 or <80 mmHg 5. Agitation, diaphoresis, or anxiety anytime during the trial.
If the patient manifested any of the above, the weaning trial was aborted, and assist-control ventilation was reinstituted. Patients failing the first SBT were reassessed later after the correction of possible contributory factors and the parameters were recorded.
Data were collected using a pro forma sheet that was filled by the respiratory therapist assigned to the ICU and managing the weaning for the patient [ Table 1 ]. Duration of postoperative mechanical ventilation and requirement of reintubation was documented, and the length of ICU stay and incidence of death were recorded.
Parameters, such as RR and tidal volume (V T ), were recorded directly from the ventilator in case of Group I, and minute ventilation and RSBI were calculated accordingly.
In Group II, the ventilator was set on "flow-by" with PS and PEEP both set at zero, and three consecutive values of RR and V T were taken, and the average was calculated to get standardized values followed by calculation of expired minute ventilation (MVe) and RSBI. These parameters were recorded at the beginning, 30 min and at the end of trial. Hemodynamic parameters were recorded at 30 min intervals during the SBT. An arterial blood gas (ABG) was drawn at the beginning, 30 min and at the end of SBT and oxygenation was assessed by recording PaO 2 /FiO 2 . Postextubation and 24 h ABG, and hemodynamic parameters were also noted on the following days.
Statistical analysis was done using IBM SPSS 20 (SPSS Inc, Chicago, USA). For all the continuous variables, the results were obtained as in mean ± standard deviation for categorical variables as percentage. To compare the mean difference of numerical variables between groups, independent sample t-test was applied. To obtain the association between two variables, Chi-square test was applied. P < 0.05 was considered statistically significant.
reSultS
Fifty postsurgical patients were randomized to undergo SBT through PS-CPAP and the remaining 25 patients to undergo a T-piece trial after standard weaning from PS-CPAP. The two groups were comparable in terms of demographic profiles and types of surgery.
The demographic variables and duration of mechanical ventilation before extubation trials were comparable between the two groups. The numbers of patients undergoing abdominal surgery were higher in Group II in comparison with Group I [ Table 2 ]. The need for reintubation within 48 h following extubation was comparable in both groups [ Table 2 ].
The RSBI and the RR were significantly higher in Group II at the start of weaning, 30 min and 60 min of the weaning trial (P < 0.05). HR was higher in Group II at the start of the trial but comparable at 30 and 60 min, while MV e and the P/F ratio were comparable between the two groups [ Table 3 ]. The need for noninvasive ventilation (NIV) following extubation and reintubation were comparable between both groups. There were no differences between the two groups in mortality, duration of oxygen therapy, and length of ICU stay [ Table 4 ].
dIScuSSIon
The primary objective of this study was to evaluate the superiority of weaning using T piece versus direct extubation from PS. We compared extubation failure defined by the requirement of reintubation within 48 h. This was similar to the rates of reintubation between PS and T-piece in other studies. [1, 4, 5] The primary indications for reintubation in our study group were respiratory failure and poor level of consciousness. Upper airway obstruction was also found to be a factor in one patient. We did not have patients in the postsurgical group requiring intubation for cardiac failure or aspiration unlike other studies. [6] Although T piece and PS-CPAP are standard weaning modalities, Haberthür et al. compared weaning on T piece and PS in comparison with automatic tube compensation (ATC) and concluded that some patients who had failed weaning on T piece or PS could be successfully extubated on ATC. [7] There is still a lack of consensus on the most effective index or volume for prediction of successful weaning. Conti et al. in a prospective study evaluated 93 patients on mechanical ventilation in an ICU. In a measurement of lung volumes, airway occlusion pressures and RR, they concluded that these parameters were poorly predictive as weaning indices in a general ICU. [8] The RSBI and RR were higher in the group weaned on T piece versus the group on PS in our groups of patients. The RSBI has been reported as the most accurate predictor of success of weaning in comparison to other respiratory parameters. [2, 8, 9] Although the RSBI has been accepted as the most accurate test for weaning readiness in most studies, three other integrated indices of weaning, namely, the compliance, rate, oxygenation, and pressure index; compliance, oxygenation, rate, and effort index; and an integrated weaning index have been suggested as superior alternatives to assess weaning, and several studies have shown these to be superior to the RSBI in standard weaning protocols. [10] The incorporation of these indices could have been more specific in evaluating weaning readiness for patients. In our study, the weaning parameter RSBI was compared in both the groups and RSBI was found to be significantly different between the groups; a higher value was recorded in T-piece patients which could be associated with increased work of breathing to overcome the resistance of artificial airway. Earlier studies have shown that T-piece trial can increase the work of breathing. [11] Despite the fact that the patients receiving a T-piece trial had a graded weaning from PS to T piece before extubation, the T piece group showed a higher respiratory although it was <22 breaths/min and acceptable for weaning patients. It appears that T piece trial could evaluate the outcome of successful weaning even if the workload of breathing for the patient could be higher. A recent analysis of both modes for weaning has concluded that PS weaning is superior to T-piece trial for patients undergoing a simple weaning. [12] Studies conducted do not show clear correlation between HR and RR changes associated with weaning. [13] In our study, the RR was higher in the T piece group at all time points during weaning while the HR although higher at the start of weaning was not significantly different at 30 min and 60 min of the weaning trial.
Our secondary objective was to compare the need for respiratory assist devices after extubation, and this was not significantly different between the groups. However, reintubation rates were higher in the patients who required NIV, and these patients had a higher mortality also. A meta-analysis on 16 randomized controlled trials has shown that NIV reduced the reintubation rates and the occurrence of pneumonia postextubation in these patients. [14] Duration of oxygen therapy, length of ICU stay and mortality rate were also compared in our study, and these were not significantly different between the two groups. Mortality between both groups was similar and was not related to respiratory events and included cardiac arrest, sepsis, and multiple organ failure.
Our group of patients was postsurgical patients without major respiratory comorbidity or infections, and this could explain a successful weaning in most patients included in our study.
Khamiees et al. [15] stated that poor cough strength and increased secretions are important predictors of extubation outcomes. Salam et al. compared the effects of neurologic status, cough peak flow, and quantity of endotracheal secretions and concluded that a decreased cough peak flow is a predictor of failed extubation in patients. [16] The sedation protocols were uniform among our patients:
Patients who underwent open abdominal surgery received an epidural analgesia during surgery and in the postoperative period while patients undergoing laparoscopic surgery received a three-tiered analgesic management. Both groups of patients received intravenous fentanyl for the duration of ventilation as neurosurgical patients. As per the ICU policy, sedation was discontinued in the morning and restarted when the patient was struggling or too awake. This interruption of sedation was developed from studies that documented the improved rates of weaning and shorter length of hospital stay in critically ill patients on mechanical ventilation. [17] The groups of patients in our study had a shorter ventilatory time. We did not find any difficulty related to sedation levels in weaning.
concluSIonS
Extubation outcomes are not different between weaning on T-piece versus PS. Weaning on T-piece is associated with increased RR, HR, RSBI, and lower oxygen saturation in comparison to PS group but does not affect extubation outcomes in postsurgical patients requiring mechanical ventilation for >12 h before weaning.
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